B i o s c i e n c e . D o n o t d i s t r i b u t e .
Vacuole membrane protein 1 (Vmp1) is a putative transmembrane protein that has been associated with different functions including autophagy, cell adhesion, and membrane traffic. Highly similar proteins are present in lower eukaryotes and plants although a homologue is absent in the fungi lineage. We have recently described the first loss-of-function mutation for a Vmp1 homologue in a model system, Dictyostelium discoideum. Our results give a more comprehensive view of the intricate roles played by this new gene. Dictyostelium Vmp1 is an endoplasmic reticulum-resident protein. Cells deficient in Vmp1 display pleiotropic defects in the context of the secretory pathway such as organelle biogenesis, the endocytic pathway, and protein secretion. The biogenesis of the contractile vacuole, an organelle necessary to survive under hypoosmotic conditions, is compromised as well as the structure of the endoplasmic reticulum and the Golgi apparatus. Transmission electron microscopy also shows abnormal accumulation of aberrant double-membrane vesicles, suggesting a defect in autophagosome biogenesis or maturation. The expression of a mammalian Vmp1 in the Dictyostelium mutant complements the phenotype suggesting a functional conservation during evolution. We are taking the first steps in understanding the function of this fascinating protein and recent studies have brought us more questions than answers about its basic function and its role in human pathology.
Vmp1, a Membrane Protein of Unknown Function
Vacuole membrane protein 1 (Vmp1) was first described as a gene highly expressed in the pancreas during acute pancreatitis. 1, 2 Overexpression of this protein in cell culture induces intracellular vacuolization and cell death. 1, 3 These vacuoles were later characterized as autophagosomes, implicating Vmp1 as a novel autophagy protein. 4, 5 In a functional genomic RNA-interference screening in Drosophila, Vmp1 (known as TANGO-5) is identified as a protein required for conventional protein secretion and Golgi organization. 6 Another surprise comes from a study in kidney cancer cells where Vmp1 is localized in the plasma membrane and required in adhesion. 7 The study of the function of this new gene is complicated by the fact that no conserved functional motifs are present in its encoded sequence and no homologous genes exist in the fungal models, where most of the autophagy proteins have been studied. The amino acid sequence only indicates the presence of several putative transmembrane regions and an endoplasmic reticulum (ER) retention signal.
Dictyostelium discoideum is a eukaryotic microorganism used as a model system for several cell biology processes including autophagy and non-apoptotic cell death. [8] [9] [10] [11] [12] Functional genomics in yeast has proven very valuable to understand the basic function of new genes that later were found to be involved in human diseases. However, there are many genes present in the human genome that are absent in the yeast models. Fortunately, the Dictyostelium genome contains many of those genes, being the simplest model system that can be used to address their function. 13, 14 Some of these genes do not allow a prediction of their function due to the lack of characterized functional motifs. Vmp1, as explained above, complies with all these characteristics and was selected from a collection of mutants generated in Dictyostelium by our group. 13, 15 This is the first lossof-function mutation of Vmp1 analyzed in a model system and our studies reveal unexpected functions for this new protein beyond autophagy.
Subcellular Localization of Vmp1 and its Functional Conservation
The coding sequence of Dictyostelium vmp1 (DDB0234044) is highly similar to other homologous genes in other species. Interestingly, it is absent in the fungi lineage but it is present in other protists, plants, and metazoa, suggesting that this gene was lost during fungi evolution (Fig.1) . Remarkably, Dictyostelium Vmp1 is even more closely related to metazoan genes than to those of other simpler eukaryotes or plants. In order to ascertain the functional conservation of this family, we expressed a mammalian Vmp1 protein in the Dictyostelium mutant. The expressed protein is able to complement the phenotype of the mutant and localizes in the same cellular compartment as the Dictyostelium protein, suggesting a functional conservation during evolution. Both proteins localize in the endoplasmic reticulum (ER) and no colocalization is observed with endosomal or contractile vacuole markers. There is some evidence of similar localization in plants and Drosophila. 6, 16 However, Vmp1 
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it might function at the initial steps of the secretory pathway and consequently might have pleiotropic effects in other organelles. The rest of the phenotypes observed by the lack of Vmp1 might perfectly fit in the context of a secretory pathway defect including the apparent instability of the plasma membrane as described previously in other reports. 20, 21 The autophagy defect in the Dictyostelium vmp1 mutant can also be seen in this context. We observe the accumulation of aberrant double-membrane structures in the mutant that is consistent with abnormal autophagic vesicles. The origin and the assembly of the autophagosome is not completely understood and it is conceivable that the ER, as suggested by our results, might be required for the correct assembly or maturation of the phagosome, perhaps by supplying membrane components. Interestingly, a more direct effect in autophagosome formation has been described in mammalian cell culture. In this case Vmp1 is localized in autophagosomes where it interacts with Beclin 1, an essential autophagy protein. 5 Whether or not Dictyostelium Vmp1 behaves in the same way remains to be determined. localization in mammalian cells is controversial and the protein has been described to be located in autophagosomes 5 and the plasma membrane. 7 We have never observed Dictyostelium Vmp1 in the plasma membrane but a possible localization in autophagosomes needs to be determined.
Vmp1 Disruption in Dictyostelium, Autophagy and Much More
Disruption of Vmp1 in Dictyostelium leads to a severe phenotype that compromises many aspects of this organism's life cycle as described in detail in our recent work. 15 A summary of the defects and phenotypes are displayed in Table 1 . The most dramatic consequence is the inability of the mutant cells to cope with hypoosmotic stress. The membrane lysis observed in the mutant cells under hypoosmotic conditions occurs very rapidly. However, cell swelling is not as noticeable as expected (Fig. 2) , suggesting an additional defect in membrane stability. Dictyostelium is a soil microorganism that has developed a tubulo-vesicular network of membranes known as the contractile vacuole (CV) that fills up and expels water to the exterior of the cell. Our analysis by transmission electron microscopy and specific CV markers shows a defect in the biogenesis of this organelle.
It is well known that organelle biogenesis, including that of the CV system, is dependent on the secretory pathway. Membrane and protein components traffic from the endoplasmic reticulum and Golgi apparatus to their destinations in the different organelles and the plasma membrane. [17] [18] [19] Since Vmp1 is an ER-resident protein, 
